Anastomotic leakage of bowel contents is a serious complication following intestinal surgery and occurs postoperatively in 1%-19% cases [1] . Morbidity from anastomotic leakage includes ileus, sepsis, renal failure, and multiorgan failure with a reported postoperative mortality of 24.1% of patients with a leak compared with 1.7% in those without [2, 3] .
Early reintervention or surgery has been shown to reduce morbidity and mortality; however, delay in diagnosing anastomotic leaks is common. Major contributing factors include the absence of clinically detectable or specific signs in the early phase as well as radiological false negative reports [4, 5] .
Historically, radiological evaluation for potential anastomotic leaks consisted of fluoroscopic examinations using positive intraluminal contrast [5] . As technology has changed, this evaluation is now mainly performed with computed tomography (CT). Identification of intraluminal contrast outside the bowel is the most specific imaging finding for diagnosing anastomotic leaks [6, 7] . However, the use of oral or rectal contrast agents varies among radiology practices. This may be due to the inconvenience of having to delay the CT acquisition to allow the intraluminal contrast to reach the anastomosis, challenges in timing the scan to allow optimal opacification of the anastomosis, low patient tolerability of oral or rectal contrast, and technologist, radiologist, and resident hesitance in administering rectal contrast in their busy practice [4] .
Regardless of the method of scanning, the radiological interpretation should attempt to be definitive, as the referring team is considering the need for reintervention. Indeterminate examinations should be avoided wherever possible and additional imaging should be sought: this could include either repeat CT once intraluminal contrast reaches the anastomosis, or cross-over to live fluoroscopic evaluation. A study by Huiberts et al [8] , which evaluated imaging signs for detecting postanastomotic leaks, found that the only independent imaging variable predicting a leak is the visualization of administered enteric contrast medium outside the lumen. Thus, the administration of enteric contrast is very important to make this important diagnosis.
In 2010, our colorectal surgeons approached the division director in abdominal and pelvic radiology to express constructive feedback regarding the perceived lack of consistent use of oral and rectal contrast agents in patients being assessed for possible leaks postbowel anastomosis surgery. Given that quality assurance has increasingly become an integral part of medicine, with the purpose of increasing patient safety and procedural quality, improving efficiency, and having an ultimate goal of improving patient outcomes, we decided to perform a quality assurance project for this topic.
In response to feedback from our surgical colleagues, we first reviewed the percentage of cases that received intravenous contrast agents, oral or rectal contrast agents, and the frequency at which the surgical anastomosis was opacified by enteric contrast. Then, we performed 2 separate Plan-Do-Study-Act (PDSA) cycles, focusing on educational endeavors and practice changes and then re-evaluated our initial imaging parameters [9] . The simplest form of PDSA is a 4-step process, which is commonly used for quality improvement. This tool may serve as the basis for an action-oriented iterative process by linking multiple PDSA cycles, as done in our project, in a repeated sequence. The premise of the quality initiative is that an initial cycle is performed to obtain baseline data, followed by subsequent cycles, which assess the effects of interventions used in the quality improvement process [10] .
The purpose of our quality initiative study was to evaluate the impact of interventions over 2 separate time periods to determine if there were any changes in use of intraluminal contrast agents as well as quality, as determined by diagnostic confidence in definitively confirming or refuting anastomotic leaks over time.
Materials and Methods

Ethical Approval
This quality initiative study was performed under a quality assurance waiver from our local Institutional Review Board.
Subjects
Electronic medical records of all patients undergoing lower gastrointestinal surgery (distal to the ligament of Treitz) at a single, 950-bed, quaternary care teaching facility (between January 1, 2009, and December 31, 2013) were retrieved. A total of 3900 patients underwent bowel surgery (2055 men and 1845 women, average age 62.1 years). Those patients without primary anastomotic closure, or postoperative CT within 90 days, specifically investigating for an anastomotic leak, were excluded.
Plan-Do-Study-Act Interventions
Over a 5-year period patients who underwent gastrointestinal bowel surgery beyond the ligament of Treitz and had a postoperative CT within 90 days for assessment of a potential anastomotic leak were included. Three time intervals were evaluated based on 2 separate interventions: January to June 2009 (group 1) which was the initial cohort prior to any quality-related intervention, January to December 2011 (group 2), and July to December 2013 (group 3). Groups 2 and 3 were based on 2 separate PDSA cycles including educational interventions and practice changes in abdominal radiology as a result of constructive feedback from colorectal surgeons in early 2010. The first intervention in the PDSA cycle occurred in late 2010. This consisted of formal, didactic lectures to radiology residents as part of their core educational curriculum as well as to abdominal radiologists at 1 of the monthly divisional meetings. CT technologists were also included in these educational activities to ensure that they understood the goals of imaging this patient group, as well as to demonstrate safe methods for administering intraluminal contrast, for example in those cases where a distal colorectal anastomosis could potentially be disrupted by the catheters used to instill rectal contrast.
The second intervention, which occurred in mid-2012, included creation of a subgroup of radiologists who participated in quarterly, multidisciplinary meetings with colorectal surgeons and became departmental champions advocating for use of rectal and oral contrast throughout the department on a regular basis. As part of the second intervention, the radiologist champions created standardized computer order entry lines that allowed radiologists as well as surgeons to specifically request use of rectal or oral contrast when inputting imaging requests for CT in these patients. Written communication was provided to radiologists and radiology residents to the appropriate protocoling of cases, including to include the use of intraluminal contrast as well as to ensure that CT was only performed once adequate opacification of the anastomosis had been achieved. These interventions were performed as part of a quality improvement initiative to promote excellence in patient care, and to align our activities with the overarching goals of the hospital administration to provide excellent and efficient patient care.
In these 3 temporally distinct patient groups, we assessed trends in the use of intraluminal contrast over time and the potential impact of the dedicated PDSA initiatives in 2010 and 2012. Each group was timed to begin 1-2 months after the intervention to allow a period of learning and adjustment to change by the radiologists, radiology residents, and technologists.
Data Collected
Each subject's electronic medical record was accessed to collect data including age, gender, date of bowel surgery, and date of postoperative CT, and if any subsequent imaging was performed. The electronic medical record was also used to obtain relevant follow-up information, such as the need for repeat surgery and if this confirmed an anastomotic leak. If repeat surgery was not performed, we confirmed continued uneventful clinical follow-up for at least 6 months, thereby excluding a clinically significant anastomotic leak.
The 3 temporal groups of patients were reviewed for the presence of intraluminal contrast (oral, rectal, or both) and whether the contrast reached the anastomosis. The use of intravenous contrast was also documented. Any subsequent imaging, up to 90 days postoperatively, either by repeat CT or fluoroscopy was also documented.
Diagnostic confidence with respect to the ability to confirm or refute a leak on the CT scan was based on the presence or absence of intraluminal contrast agent as well as adequacy of the degree of anastomosis opacification. This level of confidence regarding presence of a leak was assessed retrospectively by a single, blinded, abdominal fellowshipe trained radiologist, using a 5-point Likert-type scale.
Statistical Analysis
The 2 separate pre-and postintervention results regarding use of enteric contrast, as performed in the 2 PDSA cycles, were evaluated for statistical significance using chi-square statistics. This included testing for associations between the different metrics and testing for differences among the 3 groups. An alpha (level of significance) <0.05 was considered statistically significant. This was performed using SPSS software (IBM, Armonk, New York).
Results
Patient Characteristics
There were a total of 143 patients who underwent bowel anastomotic surgery with postoperative CT within 90 days of their surgery date for the suspicion of anastomotic leak during the 3 time intervals. Average patient age was 63.1 years (range 18-92 years). There were 88 men and 55 women.
Postoperative Imaging
There were 34 consecutive patients included in group 1 (January to June 2009), 52 in group 2 (January to December 2011), and 38 in group 3 (July to December 2013). The average time from surgery to postoperative CT was 7.3 days (range 0-28 days) and this did not vary significantly across the 3 groups.
Additional repeat CT scans were performed in 12 patients. Five of these repeats were completed despite the fact that the initial CT was performed with intraluminal contrast that had successfully opacification of the anastomosis; 4 of the repeats were due to the initial CT being performed without intraluminal contrast, 2 of which demonstrated subsequent successful opacification of the anastomosis on repeat CT; 3 of the repeats were due to intraluminal contrast on the initial CT failing to reach the anastomosis, 1 of which demonstrated subsequent successful opacification of the anastomosis on repeat CT (Table 1) .
Fluoroscopic evaluation was performed in 3 cases due to indeterminate evaluation of anastomotic leakage on initial CT. In all 3 cases, intraluminal contrast was used during the initial CT and had successfully opacified the anastomosis ( Table 1) .
Use of Intraluminal and Intravenous Contrast
A total of 86.0% of all patients received intravenous contrast, the proportion being higher for group 2 than for group 1 and group 3 (96.7% vs 75.6% and 81.0%), and 82.5% of all patients received intraluminal contrast (55.2% oral, 36.4% rectal, and 9.1% both).
The proportion of examinations with intraluminal contrast (oral or rectal or both) was 82.5% for all cases and was highest for group 3 than for groups 1 and 2 (92.9% vs 78.0% and 78.3%, respectively; P < .050). The proportion of cases with intraluminal contrast successfully opacifying the anastomosis was 56.6% for all cases, without statistically significant variations within the 3 groups.
These data are summarized in more detail in Table 2 . A bar chart depicting the proportion of cases with and without intraluminal contrast in each temporal is shown in Figure 1 .
Diagnostic Confidence With and Without Intraluminal Contrast
The majority of CT examinations (81.2%) were definitively interpreted by the blinded radiologist as either confirming or refuting an anastomotic leak. This proportion was broadly similar across all 3 groups with no statistically significant differences. The proportion of examinations that were definitively interpreted by the retrospective review of the blinded radiologist was lowest for those without intraluminal contrast (70.5%) and highest for those where intraluminal contrast was used and reached the anastomosis (92.5%). Diagnostic confidence was higher when intraluminal contrast was administered, regardless of whether it reached the anastomosis. The diagnostic confidence for patients receiving intraluminal contrast in group 2 was similar regardless of whether the anastomosis was opacified. In groups 1 and 3, however, diagnostic confidence was improved when intraluminal contrast had successfully opacified the anastomosis (P < .05).
These data are summarized in Table 3 . A bar chart depicting the variation in the diagnostic confidence with and without the use of intraluminal contrast is shown in Figure 2 . 
Discussion
At our institution, since 2009, the vast majority of patients have undergone CT for the investigation of anastomotic leaks: previous to this, fluoroscopy was utilised. However, some of the individual radiologists performing these studies retired in 2009. Since 2009, fluoroscopy has been rarely performed, even when the findings on CT were indeterminate. These patients were more likely to undergo repeat CT than fluoroscopy even though fluoroscopy is still considered a useful adjunct to imaging [11] . However, the easy access to CT, its superb spatial resolution, and multiplane reconstruction technique allow evaluation of concurrent mesenteric and omental collections. Also faster imaging times have made CT the examination of choice to detect anastomotic leaks, in addition to newer generation radiologists having less experience with fluoroscopy and more confidence in their CT skills [12] .
After the feedback from surgeons, in 2010 a focused educational effort was made to improve quality and consistency of bowel imaging using CT (with the option to use fluoroscopy if CT could not answer the question) using the PDSA cycle [9, 10] . This standard set of educational didactic lectures was performed by the division director. Given than the surgeons continued to feel that the percentage of patients receiving enteric contrast had not increased sufficiently (as noted in our quality initiatives results as well), it was decided that as part of the second PDSA cycle intervention in the middle part of 2012, a core group of 5 abdominal radiologist champions would be created for this topic. These radiologists met with the colorectal surgeons on a quarterly basis for 1 year to review cases that were diagnostic challenges for all physicians involved and to continue to communicate the message of using enteric contrast with technologists, staff radiologists, fellows, and residents on a continuous basis.
Over the 5-year period evaluated in our study, a small proportion of patients in our study underwent repeat CT despite a technically adequate initial CT (including use of oral or rectal contrast agent) as described in the Results section. This may have been secondary to strong clinical suspicion of an anastomotic leak by the surgical team, despite the reassuring findings on the initial CT. The need to reimage patients decreased over time, as shown in Table 1 .
Our departmental goals, which are supported in the literature as current best practices, are for every patient to receive intraluminal contrast while undergoing CT for the indication to rule out anastomotic leaks [13] . Our results demonstrate that there was a trend towards increased use of intraluminal contrast in this patient population. However, although the vast majority of patients received intraluminal contrast, the relevant anastomosis was only opacified in just over half of the cases and this did not statistically significantly improve with the quality interventions in 2010 and 2012, though there was an overall trend in the desired direction (56.1% in 2009 to 61.9% in 2013). The lack of opacification of the anastomosis considerably reduces diagnostic value of the CT because direct leakage from the anastomotic site cannot be assessed in these cases [13, 14] . The importance of waiting for intraluminal contrast to reach the anastomosis is illustrated by the example case shown in Figure 3 . Possible solutions include deliberately delaying the CT acquisition in these postsurgical patients by at least a few more hours, or to perform plain radiography prior to patient transfer to the CT scanning suite to assess for transit of intraluminal contrast. Last, vigilant attention to the CT scout image to ensure adequate opacification of the anastomotic site prior to cross sectional image acquisition.
In patients referred for investigation of potential anastomotic leaks, it is vital that radiological evaluation is as definitive as possible given that the patient's clinical team is usually considering the need for intervention. Leakage of intraluminal contrast from the anastomotic site is a highly specific finding, which, if present, is likely to considerably increase the reporting radiologists' confidence in definitively diagnosing a leak [12, 15] . Our findings reveal that, as expected, the reporting radiologist is most likely to issue a definitive interpretation if intraluminal contrast has been administered and successfully opacifies the site of anastomosis.
There are limitations to our study. First, our study population was relatively small and limited to our single institution. Larger, multicentre studies will be useful to confirm our findings and assess variability in practices between different centres. A proportion of patients, particularly those who are hemodynamically unstable postoperatively, will likely have their anastomotic leaks diagnosed clinically and proceed directly to the operating room without the need for imaging due to the emergent nature of their condition.
Another limitation is that although there was some improvement in the frequency of use of oral or rectal contrast, it is not possible to solely attribute these changes to the educational and practice changes applied as part of the PDSA quality improvement strategies. Part of this may be due to new residents and new staff joining the program over this time period, who may not have benefited from the initial PDSA interventions. In our computer order entry system, the radiologist protocoling a study does not usually explain why they do or do not choose to administer enteric contrast, and thus, reasons for not administering contrast cannot be determined in this retrospective study.
Future plans include integrating the presentation on use of enteric contrast, to be included in the standard resident orientation preparation, prior to starting call as well as integrating the use of enteric contrast into the ''anastomotic leak'' protocol, which we are developing specifically for this patient population. Future plans also include evaluation of interobserver agreement and accuracy of detecting leaks using a multivariate analysis subsequent to our quality interventions.
Overall, we have demonstrated that our department has improved the level of service to postsurgical patients with the majority now receiving intraluminal contrast prior to CT evaluation. We have also improved communication between radiologist champions and surgeons with the quarterly interdisciplinary meetings. The degree of compliance has improved through dedicated educational activities promoting the use of intraluminal contrast in this subset of patients as well as changing standardized request forms to indicate need for oral or rectal contrast. Continued audit of our practice will be required over time and we will continue to work with our surgeons and clinicians to ensure that optimal imaging is performed and tailored to answer their clinical question. The end goal is to facilitate effective and timely management of these patients at a high risk of morbidity and mortality.
